Special Article
The Human Factor at the Endless Frontier Bernadine Healy, MD Where would the people of the world be without mothers? Scarce, very scarce.
-attributed to Mark Twain Tn he American Heart Association Scientific Sessions annually provide the largest forum for the exchange of new knowledge, of "intellectual capital," in cardiovascular research, practice, and education. Yet, underlying the 61st annual gathering of more than 27,000 conferees, there exists a paradox: the impending scarcity of the creative individual talent for research and medicine at a time when medicine has never been more exciting. I will examine some reasons for this imbalance and consider some things we can do to offset it. Impending Scarcity Among Plenty As we approach the final decade of this "health century," it is apparent that the sciences as a career choice are losing their magnetism for US youth.' Of bachelor of arts or sciences degrees awarded over the past 20 years, those in the field of science have diminished noticeably ( Figure 1 ). As bachelor degrees in business and management continue their rise in popularity, majors in biology are on a decline. These figures are of added concern if we put them in the context of a well-documented "rising tide of mediocrity"2 among students of all levels in the United States. A recent US Department of Education study entitled "A Nation at Risk"2 described declining SAT scores and functional illiteracy in 23 million Americans. Dr. Allan Bloom, in his provocative book The Closing of the American Mind,3 warned of the failures of higher education and the impoverishment of our intellectual values. In 1988, the International Association for the Evaluation of Educational Achievement4 released its report comparing science achievement among students in the developed countries. US students ranked in the bottom half at all grade levels. US high school seniors placed last in biology, ranking 13th out of 13, and were only ninth and 11th in physics and chemistry, respectively.
These figures present the chilling paradox of one of the world's most advanced countries, whose successes have so much depended on our technologic and scientific achievements, rearing a generation of "technopeasants"-technical illiterates-who, with their degrees in business and management, will be the managers, not the creators, of tomorrow.
These trends are also evident for awarded graduate degrees ( Figure 2 ). Doctorate degrees in medicine and biology have plateaued and have now started to decline. Among newly awarded professional degrees, law degrees (which in the 1960s closely paralleled medical degrees) now number more than twice those in medicine and more than tenfold those in biology. Graduate degrees in business and management, particularly master of business administration degrees, have surged meteorically beyond all other professional degrees in number. This great rise in business degrees would be admirable if it meant primarily a significant rise in dynamic entrepreneurship, in which new ideas are created and innovations realized, as in biotechnology and electronics. Unfortunately, all too much of the attraction is not creation of new resources but rather the transfer of old ones-something Robert Reich aptly termed "paper entrepreneurialism" in his book The Next American Frontier.5 A decade ago, $22 billion were spent by companies in taking each other over.5 Now the cost of mergers, acquisitions, and hostile takeovers has swelled to more than $200 billion.6 And these enormous exchanges are producing transitory bigness at the cost of enormous debt, a debt that, by size alone, threatens the welfare of both the corporations as borrowers and the banks as lenders. Such expenditures result in no new ideas, no innovations, no new resources, no new jobs, no research and development-only vast green paper transfer with obscene profits for a predatory few. For example, the dollar commission alone expected by Kohlberg, Kravis, Roberts & Co for the anticipated takeover of RJR Nabisco* is estimated at as much as $400 million7 8a figure more than 20 times greater than the average annual research budget of a US medical school (which in 1988 averaged $19,749,000 according to *RJR Nabisco was subsequently purchased by Kohlberg, Kravis, Roberts & Co for a total of $25 billion in cash and securities (The New York Times and The Wall Street Journal, Such megamergers on the economic front affect the fields of education and medicine as well. What brings the danger into even sharper focus is a comparison of the cost of merger and acquisition transactions with the total US expenditure for research and development. Table 1 shows dollar estimates of all research and development performed by both the private sector and the government in the United States. In 1977, that budget was twice the paper transfer budget. Today, this paper entrepreneurialism far exceeds our total national expenditures in research; it is about 30 times greater than the entire annual National Institutes of Health budget, which was $7 billion for 1988. What kind of signal does this give to our children as they look to their own future careers? It demonstrates, more plainly by example than by words, our national values and surely shows today's youth where the action is.
Physicians and Physician-Scientists In the context of these many changes in national focus, it is not surprising that the existence of physicians and physician-scientists is in jeopardy. Only half as many students as in previous years are even applying to medical schools, and the lowest ratio of applicants to places in recent history now exists. Grade point averages also have been falling among medical students.9 Not surprisingly, physicianscientists, who come from this medical school pool, Table 2 shows the percent of National Institutes of Health awards granted to physician investigators, which has dropped to 22% of total awards given in 1987. Also, note what is happening to new applications from all scientists. There has been, for the first time ever, a decline in total applications submitted to the National Institutes of Health. This could be an early sign of a nation at risk of losing its medical and technologic edge. Concern about the decline in applications is reinforced by the American Heart Association's experience. Table 3 gives the 1988-1989 figures for research applications. This year, an overall drop of 7% in total applications occurred, which included a 13% drop in those seeking a Clinical Scientist Award (physician investigators) and a 52% decline in applications for Medical Student Research Fellowships. The "endangered species" of physician-scientists that Dr. James V. Warren, a former American Heart Association president (1962) (1963) , and Dr. James Wyngaarden of the National Institutes of Health warned us about many years ago may be approaching extinction in this last decade of the health century. This scenario of future scarcity of scientific investigators is particularly disturbing at a time when the field of medicine has never been bigger and more effective, its scientific underpinnings more exciting, or its federal monetary support greater. Twentiethcentury science has been celebrated and supported by the US public. The launching of Sputnik just over 30 years ago ushered in not only a spirit of competitiveness for space but also a wave of respect, enthusiasm, and devotion for all science that has never before been witnessed in the modern world. Along with the exploration of the macrocosm came the phenomenal advances of 20th-century biology in the microcosm. The biologic revolution ushered in numerous practical advances of biotechnology in the United States and around the world, also in just the past 30-40 years. In the field of cardiovascular science, biology has transformed our approach to heart disease, with drugs for hypertension, pacemakers and defibrillators, ,(-blocker therapy (recognized by the 1988 Nobel prize to Sir James Black), calcium channel blockers, thrombolytic therapy, angiography, heart surgery, angioplasty, and transplantation. These have made this era of cardiovascular medicine a technologic wonder. In the 1990s and beyond, in the era of space-station technology, the frontiers of cardiovascular care appear limitless: We can expect control of atherosclerosis and regeneration of damaged hearts and blood vessels; learn the molecular basis of hypertension, atherosclerosis, and cardiomyopathies; and see the repair of defective human genomes.
The Science Base in Historic Perspective But how did this happen in so short a time? These striking advances occurred in a very special nurturing environment that developed after World War II. The improved science environment was initiated by a brief letter from President Franklin Roosevelt to his science advisor, Dr. Vannevar Bush, in November, 1944.10 In that letter, Roosevelt asked four questions of Bush: How should the public be told about the great advances in scientific knowledge that came as part of the war effort? How could continued advances be made in the war of science against disease? How could the US government best aid research activities by public and private organizations? How could a program be constructed to discover and develop scientific talent in US youth to ensure the continuing future of scientific research? Roosevelt had confidence in a vision of America's future and ended his query: New frontiers of the mind are before us, and if they are pioneered with the same vision, boldness, and drive with which we have waged this war we can create . .. a fuller and more fruitful life.10
Within a year, Bush responded-by this time to President Harry Truman-with a report entitled Science, The Endless Frontier.10 This report outlined policies for a relationship between science and government that became the foundation of US science for the years to come. Bush argued strongly that civilian science is the proper concern of government, simply because it is in the public interest. He stressed that basic research was the source of new knowledge and of scientific capital and was the "pacemaker" driving technologic progress. Unequivocally, he stated that public funds should be made available to support colleges, universities, and endowed research institutes because they-not government laboratories-were the proper centers of basic research. And importantly, his report emphasized-as had Roosevelt's original letter-medical research among others, stating that the entire front of medicine, along with its underlying sciences, must be broadly developed.
With that blueprint for US science, the science base of this country has grown to over $125 billion (National Science Foundation, personal communication, December 1988),1" with roughly half of this funding coming from the federal government. A vast infrastructure for science has developed across the country; approximately 15% of that great science base is in biomedical research.
The Human Factor at the Endless Frontier At a time when medicine has never been more exciting, more important to the quality of life of our people, more effective in treatment, or more fruitful in research, a critical problem emerges: Its members have never been more disaffected, discouraged, and frustrated. Bush's "endless frontier" could be eclipsed by Reich's "next American frontier"; not because the endless frontier is exhausted, but because somehow the means for getting there-the human factor-is disheartened and deterred.
Just as Bush sketched with great insight the blueprint for healthy science, President Dwight Eisenhower, a few years later, predicted with similar insight and wisdom where science could be in trouble. In his famous farewell address to the nation in 1961,12 he focused on the impact of the technologic revolution, not just on government and society but also on the scientist. He noted that the technology revolution made research "more formalized, complex and costly," but he worried that "the solitary inventor tinkering in his shop has been overshadowed by task forces of scientists." He cautioned that the bigness of science could transform the free university, "the fountainhead of free ideas and scientific discovery," into something very different. He feared that the government contract would become a substitute for intellectual curiosity and warned that the "domination of the nation's scholars by federal employment, project allocations and the power of money is ... gravely to be regarded." Eisenhower recognized that if science is to flourish, scientific creativity in the form of the individual must be unfettered. One such creative individual, Andre Cournand, the father of cardiac catheterization and winner of the Nobel prize in medicine or physiology, also stressed this key element to scientific success in his autobiography, From Roots to Late Budding.13 Coumand urged:
[that] responsible politicians of science provide. investigators with the means necessary to encourage their freedom of action and expression, their adaptability and creativity. These are the means that assure progress and a knowledge that will eventually serve the public welfare.13
But a major problem for US science today is that both investigators and practitioners are facing increasing limitations on their freedom of action, adaptability, and creativity. The bigness, the bureaucratic tangles, the capricious cuts, the legal threats, and the bad press are all hassling, overwhelming, and mostly dehumanizing. The challenge we face is how to preserve the individual practitioners of our craft among the necessary bigness and government domination of science and medicine.
The individual is the limiting factor in science and medicine. It is the human factor that attracts the many into the fold. That human factor is well captured in the photograph of a "country doctor" by W. Eugene Smith (Figure 3) . Hurrying over the fields to the bedside of a sick patient is Dr. Robert Ceriani. This humanitarian iniage of the doctor symbolizes the power of medicine to help those in need. It comes not in the form of a CAT scan or a cyclotron, an echocardiography machine or a DNA synthesizer but as an individual with a little black bag. Another compelling image of a famous physician-scientist that has attracted many to medicine and its investigation is that of Dr. Helen Taussig from The Johns Hopkins University, a great innovator and the first woman president of the American Heart Association (1965) (1966) (Figure  4 ). She was the mother of congenital heart surgery and discovered how to make blue babies pink. This famous photograph by Yousuf Karsh captures her tenderly and lovingly holding one of her patients, who clearly has benefited from her creativity. These are the heroes who have enriched medicine and medical research and have shown the way to those who follow. Indeed, these images are not just of their own prowess but carry an added dimension of inspiration. These heroes are mentors, too.
All of us in some very personal way know the power of this human factor the mentor, the wise and faithful counselor. In Homer's Odyssey, Men- Helen Taussig, pioneer of congenital heart surgery and thefirst woman to be president of the American Heart Association.
(@91975 Karsh, Ottawa. Reproduced with pernission.) tor is the trusted friend and adviser of Odysseus. In Mentor's shape. Athena, the goddess of wisdom and protectress of the family, helps Telemachus search for his father Odysseus. As in the Odyssey, mentors come in all forms but share common effects-to guide, instruct, and inspire. And they may come along at any time; perhaps as an older sibling showing a younger one how to perform a task, as a parent who instills a passion for intellectual achievement, as a teacher who inspires by great expertise and talent, or as a guide and counselor who, with highest standards and integrity, shows the proper path to follow ( Figure 5 ). In these many forms, the mentor is that individual who personally inspires one to reach a little higher. Daily, as we work within the giant science base with its many dimensions, the challenge is to keep the focus on the individual-on the creative minds who innovate and the mentors who inspire and to focus on the human factor that is the endless frontier.
The Nurturing Steps Our universities are the keystone of our large science base, but they must focus on the needs of the individual. As the cradle of new talent, they must nurture young scientists and provide them with mentors. In fulfilling their role to generate new knowledge, universities must nourish the gifted tinkerers who shift paradigms and create new knowledge, not just those who excel in attracting contracts and grants. The practitioners in universities also play key roles as models, mentors, and agents of technology transfer of basic advances to the bedside. Teaching, research, and practice are in aggregate the triple mission of the medical school, but the demands on the individual to be all three, the "triple threat," must be questioned. As science grows more complex and practice more demanding, the individual should be allowed to choose which of the three missions of the university to uphold and should be appropriately secured and rewarded for doing that one mission well. Indeed, with the requirements of big medicine and big science, an interdisciplinary team is needed. However big and however many, the individual whether student, teacher, or patient-must not be lost. In less than half a century, the federal government has garnered and nurtured a huge and successful biomedical science base, but that nurturing must continue. The federal government should reaffirm the science policies of Bush and heed the wisdom of Eisenhower. It must be clearly understood that the human factor is the limiting factor in big medicine and big science. And the government would do well to consider creating an "intellectual capital protection agency" that might reassess the values of a true spirit of enterprise, which is the essence of research and development and the greatness of this country, and to take a hard look at the systems that tolerate the excesses of paper entrepreneurialism.
Industry carries the advances of science and medicine to the public and, in the process, serves the economic base of the country. Its investment in training and research outside of its own laboratories is praiseworthy; one new example is the participation of the Pharmaceutical Round Table in the American Heart Association. Industry can exercise its enormous political influence both nationally and locally on behalf of science and education. And industry should be helped to ward off what Robert Mercer of Goodyear has called the "terrorists in three-piece suits"14 who take over companies for quick profits at the expense of long-term investment and research and development.
The American Heart Association plays a role in all of these educational efforts with its vigorous support of young researchers, its encouragement of professional and public education, its network into community programs, and its ability to generate a forum for understanding of these issues in the minds of the public. The organization is strong because it is the public. And clearly, from many fronts, strong positive public support must be gathered for medicine, medical research, and the laborers who make medical advances happen. Abraham Lincoln once said, "Public opinion in this country is everything."15 Public opinion of the medical profession needs to be improved.
Ultimately, it is only the public who can make a difference. The issues before us clearly need the attention and the passionate support of our society at large. Our society cannot take for granted good medicine and the many fruits of medical science. We must emphasize discovery and new knowledge, not just information transfer. As a people and a country, we have not always appreciated intellectual achievement, considering the success such achievement has brought us. Our collective con-sciousness must be elevated to recognize the value of scientific capital and precious human talent. In that respect, the future of science and medicine for this country will be determined by our society's basic commitment to education and our willingness to shift the focus to the hopes and dreams of tomorrow-which means a focus on our children. As we look to tomorrow, we must all be mothers and mentors to the children-to nurture their talents, to provide them with opportunities, to be their guides, and to challenge their brains to question and make the discoveries that will enable both medicine and this nation to be the best it can be.
And when all is said and done and the twilight comes, we will feel a sense of satisfaction, even celebration, if we can honestly say what was said about Emily Morrison of Bruton Parish, Virginia, 101 years ago, as she was laid to rest, alone, under a small gray stone. Her epitaph was "She hath done what she could." I hope we all do, too.
